Interference refractometry has an established place in anaesthetic research. Hulands and Nunn (1970) described the scientific basis of interference refractometry and discussed some of the problems associated with the use of this technique in clinical anaesthesia. They noted that small, portable, direct-reading interference refractometers, developed for the measurement of methane (fire-damp) in air, have a sensitivity and accuracy well suited to the analysis of anaesthetic gas mixtures in the concentrations used clinically. However, these portable interference refractometers, although direct-reading, require the user to observe the movement of the interference pattern across a calibrated scale by looking through a microscope eyepiece. Since this is not suitable for continuous use, we have developed a photo-electric detector system which displays an accurate measure of the change in refractive index on a standard voltmeter.
STANDARD DIRECT READING INTERFERENCE

REFRACTOMETER
Interference refractometers suitable for the analysis of anaesthetic gas mixtures are of two basic types. In one, the interference pattern moves across a calibrated scale. This is the principle of the Zeiss (Jena) Firedamp interference refractometer ( fig. 1 ). In the other, the interference refractometer is fitted with glass compensating plates to annul the deflection caused by the refractive index change. In general, this is the more accurate method.
The Zeiss (Jena) Firedamp interference refractometer contains two separate gas-sample chamber systems. A small pump draws the sample gas through a pair of chambers while the carrier gas is drawn through the comparison chamber. As the interference refractometer responds to the changes in the refractive index of all the gas in a mixture, it may be used to estimate the concentration of one sample gas only if the proportions of all the other gases in the mixture are held constant; that is, the interference refractometer is only suitable for use with two-component gas mixtures.
A beam of light from a small incandescent bulb is split into two coherent beams by an inclined block of glass ( fig. 1 ). One beam is reflected from the front surface of the block and the other from the rear. Each beam passes twice through a gas chamber, once before and once after reflection at a right-angled prism. The beam from the front surface passes through the gas to be measured (for example, halothane and air or oxygen) and the other beam passes through the carrier gas (air or oxygen alone). The beams are recombined by further reflection at the surfaces of the glass block. Since the beams are coherent (they originate from the same source) they will reinforce each other when the waves are in step and cancel when they are out of step; by slightly tilting the right-angled prism at the end of the gas chambers, this interference can be made to produce a pattern of parallel light and dark fringes or bars, when the light is focused on the measuring scale.
As white light is used, there is only one uncoloured fringe, corresponding to exactly equal light paths in terms of the numbers of wavelengths; in the Zeiss instrument this is arranged to be a black bar. A change in refractive index of the gas in the measuring chamber means that the wavelengths of the light are changed in this part of the beam, causing the black bar to move across the scale where it can be observed by means of a microscope eyepiece. This movement of the dark fringe is directly proportional to the change in refractive index which is itself proportional to the amount of anaesthetic vapour present in the measuring chamber.
AUTOMATIC INTERFERENCE REFRACTOMETER
To construct an instrument which is convenient to use, we have produced two modifications to a standard Zeiss (Jena) Firedamp interference refractometer: (i) a shortening of the light path through the sample chambers so that the sensitivity of the original device is reduced; (ii) the use of two pairs of glass compensating plates to annul the movement of the fringe pattern. The movement of one of these pairs of plates has been made automatic ( fig. 2 ). The light path length through the sample chambers of the standard device is equivalent to 200 mm.* This * The Zeiss (Jena) instrument used was designed for full scale reading on 0-10% methane in air; the instrument referred to by Hulands and Nunn (1970) was designed for 0-100% methane for full scale.
is achieved by reflecting the light beams inside the sample chambers using a series of mirrored surfaces. This creates a highly sensitive and accurate instrument capable of measuring refractive index with a resolution of 1 p.p.m. (v/v) . This degree of sensitivity was necessary for the measurement of methane in air for which the device was designed. However, the refractive index difference between halothane and oxygen or air is much greater than between methane and air and we have reduced the light pathway length to 33 mm. This still results in an instrument that is more sensitive to halothane than was the original device to methane.
Each pair of compensating plates consists of two small plates of glass mounted on a central pillar with the plane of one plate tilted 10° to the plane of its companion. This is shown in figure 3 , where angles have been exaggerated to illustrate the effect. The pairs of plates are mounted so that there is one plate in each of the four light pathways. If one plate were exactly at right-angles to its traversing light beam, the companion would intersect its beam obliquely. This obliquity increases the distance that one light beam has to travel and therefore appears to slow it down. One of the pairs of compensating plates can be rotated by a micrometer screw to achieve some initial adjustment of the light pattern, while the other pair is rotated automatically to compensate for the greater refractive power of the sample gas as compared with the carrier gas. The automatic adjustment of the glass compensating plates is achieved by mounting them on an extension of the spindle of a moving-coil ammeter. The current applied to the ammeter is a measure of the degree of rotation of the compensating plates and hence indirectly of the refractive index change in the sample gas. This current originates from an operational amplifier the input of which is the difference in current output of two photo-transistors placed in the focal plane of the interference pattern.
The photocells look through two narrow windows parallel to the fringe pattern and spaced at a distance equal to half the distance from one dark fringe to the next.
When the instrument is used for the first time, the pattern is adjusted by the micrometer screw control until the central black fringe lies symmetrically between the two windows. Any movement of the pattern causes the central fringe to move towards one window and away from the other, thus creating a photocurrent difference which drives the operational amplifier and therefore the compensating plates.
The gain of the amplifier is such that full scale deflection of the compensating plates is obtained for a deflection of the pattern of 2% of the distance between adjacent fringes. This is equivalent to a refractive index error of only 1 p.p.m. and this, in turn, represents an error of less than 0.1 vol.% in halothane concentration. The effective wavelength used is about 800 nm, which is the wavelength to which the photocells are most sensitive.
The current driving the moving coil is measured by a milliammeter with adjustable shunts. The shunts are chosen so that the meter can be calibrated to read directly, in vol. % of the sample gas. While we have been interested chiefly in measuring concentrations of halothane, the device could be calibrated easily for any of the commonly used anaesthetic vapours. Alternatively, for general laboratory use, the shunt could be fixed, and the scale calibrated directly in terms of refractive power, that is, the difference in refractive index between the sample gas mixture and the carrier gas alone. This would enable the instrument to be used with any gas combination within the range of the chosen scale.
TEST RESULTS
One of the shunts was chosen so that full scale reading corresponded to approximately 10% halothane in air, and the readings were checked against a precision Rayleigh refractometer. The results were corrected for temperature and pressure and adjustment of the scale length. Consistent readings were obtained at intermediate concentrations in the range 1-6% halothane, with a scatter of about ± 0.1 % (fig. 4) 
SUMARIO
La refractometria interferencial es un metodo bien establecido para determinar la concentracion de agentes anestesicos en mezclas de gas. Se ha instalado un sistema detector fotoelectrico a un refractometro interferencial, con lectura directa, pequeno y portatil para mostrar automaticamente la concentracion del agente que se esta midiendo. Se describe el diseno del instrumento y se sugieren dos posibles metodos para la representacion de la information.
